Inflammation is a common feature in several types of lung disease and is a frequent end point to validate lung disease models, evaluate genetic or environmental impact on disease severity, or test the efficacy of new therapies. Questions relevant to a study should be defined during experimental design and techniques selected to specifically address these scientific queries. In this review, the authors focus primarily on the breadth of techniques to evaluate lung inflammation that have both clinical and preclinical applications. Stratification of approaches to assess lung inflammation can diminish weaknesses inherent to each technique, provide data validation, and increase the reproducibility of a study. Specialized techniques (eg, imaging, pathology) often require experienced personnel to collect, evaluate, and interpret the data; these experts should be active contributors to the research team through reporting of the data. Scoring of tissue lesions is a useful method to transform observational pathologic data into semiquantitative or quantitative data for statistical analysis and enhanced rigor. Each technique to evaluate lung inflammation has advantages and limitations; understanding these parameters can help identify approaches that best complement one another to increase the rigor and translational significance of data.
genetic, 94, 97 immune-mediated, 65, 109 and neoplastic 118 diseases. In the research setting, evaluation of lung inflammation is important to understand pathogenesis and evaluate the efficacy of new therapies. Different techniques have been used to study lung inflammation, and each has its own best uses and limitations that can influence the interpretation of a study (Table 1) . Several experimental techniques are currently being studied exclusively in animal models, but in this review, we focus our attention primarily on techniques that are feasible for experimental studies in animal models as well as clinical use in humans. In this review, we focus on educating biomedical personnel who are early in their careers or entering into research (eg, residents and graduate students). We emphasize the importance of selecting techniques that address the relevant questions about lung inflammation in a study and propose stratification of techniques, when possible, to enhance the rigor and repeatability of the data.
Experimental Design
One of the most important steps in biomedical research is critical planning before a study is performed. When planned with careful attention, the experimental design can prevent "feelings of regret" after an experiment is completed. More detailed information for readers on effective experimental design is available.
including the ability to recapitulate the respective disease or condition. 18, 92, 117 Age is another factor that can influence or confound lung studies in some models. For instance, more than 50% of aged inbred rabbits (eg, the EIII/JC audiogenic strain) can present with spontaneous granulomatous lung inflammation, 29 and similarly some strains of aging mice (129S6/SvEvTac) are prone to eosinophilic crystalline pneumonia. 83 To study lung disease in these aged models, one needs to define if the spontaneous inflammation confounds group assessment. If so, the number of animals might need to be increased to account for larger variations in lung inflammation data, so that there is sufficient power to make an interpretation from the study. To avoid the age-associated lesions, study of younger animals might be a feasible alternative.
The growing complexity of approaches and techniques available to study tissue samples makes the logistics of lung tissue collection a very important consideration. Investigators may collect data using multiple techniques (histopathology, western blot, microarray, electron microscopy, etc), but data collection for one technique may influence another. For example, an antemortem imaging technique may take several hours to perform under anesthesia with mechanical ventilation; although these data may be important, they can also influence the extent of proinflammatory changes in the lung. 106 Some approaches, such as bronchoalveolar lavage (BAL), can displace leukocytes distally into smaller airways and alveoli to alter the apparent distribution of airspace leukocytes. These issues should be discussed before (not during) autopsy by representatives of the full scientific team.
Experimental design considerations also include collaboration and effective communication among key personnel in the multidisciplinary research. Multidisciplinary team science can help overcome the inherent limitations of scientific expertise and skills by solitary or a few investigators ("disciplinary myopia") and can accelerate scientific progress through value-added quality and interpretation of data. 5, 71, 102 Teambased research is an efficient approach because it uses the expertise of each member to collectively increase the reliability and reproducibility of all the data. 
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Imaging Overview
Medical imaging (Table 1) is a valuable addition to studies of lung inflammation and has several advantages over other techniques. For instance, imaging data can be acquired in vivo and noninvasively, which permits the longitudinal evaluation of disease onset, progression, and/or resolution over time. Longitudinal assessment within a study cohort assists in the reduction and refinement aspects of ethical animal research. 89, 117 Depending on the imaging modality selected, planar (2-dimensional), volumetric (3-dimensional), or dynamic (4-dimensional: volumetric plus time) data may be acquired of the whole chest (even the whole body). Volumetric image data help identify spatial distribution patterns within the lungs and heterogeneity across subjects, which can also be useful to guide sample collection for pathology and other analyses. Because of the widespread availability of medical imaging for disease detection and evaluation in human subjects, incorporating these data in animal studies can allow cross-species comparisons and correlations.
There are some limitations to medical imaging in research studies. The most prominent is limited access to appropriate imaging technologies. Microimaging systems have been developed to generate data for small-animal studies, but largeanimal studies often require access to veterinary imaging devices or human systems. Medical imaging data are relatively expensive, with a major portion of the expense going toward access to the technology and personnel with the necessary expertise. This allows little flexibility with regard to cost per animal, as opposed to histopathology and molecular studies, in which tissues can be collected and stored, with additional techniques (and costs) added later as needed.
Chest Radiography and Computed Tomography
Chest radiography (2-dimensional) and computed tomographic (CT) imaging (3-dimensional) are the primary imaging modalities used clinically to assess lung structure, detect pulmonary disease, and monitor treatment response in humans. These data are produced by measuring the attenuation of x-rays through the body, and as such the contrast in a CT image is related to tissue density. The air-filled structure of the lung provides high inherent contrast with CT imaging. The resulting data can provide isotropic submillimeter resolution (spatial resolution down to 0.33 mm on clinical systems and 0.01-0.1 mm on micro-CT systems) and are useful in providing longitudinal quantitative data.
Using clinical CT technology, volumetric data acquisition is very rapid, such that the required breath holds are very short (*1-5 seconds for a human thorax), and even chest scans without breath holds contain minimal motion artifact. Micro-CT imaging systems for small animal evaluation have different hardware technology for acquisition that results in increased acquisition time for volumetric data (*20 minutes for a mouse thorax). Micro-CT chest imaging requires respiratory gating 78 or compensatory gated reconstruction techniques 19, 43 to eliminate respiratory motion artifact.
Radiography and CT imaging are modalities sensitive to detecting structural changes (such as increased density resulting from fluid or cellular accumulation in the alveoli) as indications of inflammatory processes, but they are not specific to cause. Karimi et al 53 showed a correlation between CT lung density and markers (systemic and local) of inflammation. Similarly, increased density on micro-CT imaging has been used as an in vivo marker of change due to inflammation in mice. 25 Although CT contrast agents such as iodine and xenon permit the acquisition of dynamic, functional information, their inert nature provides little insight to underlying cellular processes. However, because of whole organ assessment with chest CT imaging, the high-resolution volumetric information provided of the lung structure can serve as a valuable guide for tissue collection and confirmatory histopathology, via biopsy, surgery, or autopsy. 9, 44 Radiography and CT imaging rely on the use of potentially harmful ionizing radiation. In designing a study, consideration should be given to subject (pediatric, pregnant, genetic predisposition), acquisition parameters, frequency of imaging, and cumulative radiation exposure over the course of study.
Magnetic Resonance
Magnetic resonance (MR) is the preferred clinical method for assessment of inflammation in soft tissue (excluding the lungs), as it does not involve ionizing radiation, provides excellent soft tissue contrast, and has high in-plane image resolution. 113 MR data are formed by a complex interaction between magnetic pulse sequences and the resultant spin and relaxation times of protons within the tissue. As such, signal intensities in MR do not directly quantify physical properties of the tissue (as is the case for CT imaging), which can complicate the extraction of quantitative measurements. In the lungs, however, the air-filled structure produces low signal and generates susceptibility artifacts that affect image quality. Furthermore, because of longer acquisition times, it can be challenging to compensate for cardiac and respiratory motion. Although high in-plane resolution (submillimeter) is possible in MR, the signal-to-noise ratio, resolution (slice thickness), and acquisition time are all interrelated in MR, making high-resolution imaging in the lung very challenging. Yet these limitations are not insurmountable, and recent advances in acquisition protocols are increasing the feasibility of pulmonary evaluation by MR in the future. 11, 72, 99 Evaluation by MR has become a preferential technique for the assessment of lung changes in some diseases (eg, cystic fibrosis) in which soft tissue changes are important for diagnostics and repeated CT imaging could accumulate high radiation exposures in a susceptible pediatric population.
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Nuclear Medicine
Positron emission tomographic (PET) and single-photon emission CT (SPECT) imaging are both nuclear medicine techniques producing image data by detection of radioactive decay events from an administered radiopharmaceutical. These techniques allow the identification of anatomic sites of radiotracer accumulation and are similar, except that the type of radioactive decay and detection technology used in PET imaging has advantages over SPECT imaging with regard to resolution and sensitivity. Clinical PET imaging systems have a spatial resolution of about 3 mm (*1 mm for micro-PET systems), compared with about 10 mm for clinical SPECT systems. 75 Limitations include slow acquisition speeds in both SPECT and PET imaging, which can incur respiratory motion artifacts leading to distortion and loss of signal, as well as potential mismatch with the CT images used for attenuation correction. Time-averaged CT images for attenuation correction and respiratory gating techniques have been developed to increase the precision of quantitative nuclear medicine studies. 79 When selecting radiopharmaceuticals for experimental study, some practical considerations include the specific or nonspecific mechanism of tracer accumulation in the lung. The half-life of the radioisotope will influence both the timing of image acquisition and animal containment requirements after injection. Finally, access, ease of preparation, radiation dose, and cost should also be considered. A wide variety of radiopharmaceuticals have been used for imaging in inflammation research, 6, 82, 115 although not all are widely accessible to researchers. Creation and transport of radiopharmaceuticals requires highly specialized equipment and regulatory oversight which can incur logistic and financial roadblocks for researchers. We focus our discussion on 18 F-flurorodeoxyglucose (FDG) PET imaging because of its wide accessibility and increased ability for quantitative analysis.
Fluorine-18-FDG is used in PET imaging for the majority of clinical nuclear medicine studies, is commercially available for researchers, and has a convenient half-life of 110 minutes, favorable tracer kinetics, and accessibility for cellular uptake in glucose pathways. Studies in both animals 46, 51 and humans 26 have demonstrated that 18 F-FDG is preferentially taken up by neutrophils, with in vitro data linking increased deoxyglucose uptake to neutrophil priming. In humans, 18 F-FDG PET imaging has demonstrated high uptake in diseases such as sarcoidosis, 54 radiation pneumonitis, 1 cystic fibrosis, 4 allergen-induced asthma, 45 and acute lung injury. 42 Similarly, 18 F-FDG PET imaging studies have been performed in animal models, including ventilator-induced lung injury 77 and lung inflammation from endotoxin exposure 119 and Pseudomonas infection. 90 Because of the specific and quantitative nature of PET imaging, this modality can serve as a useful biomarker in evaluation of drug therapies that target lung inflammation. 27 
Peripheral Blood
Evaluation of peripheral blood during the course of a study or at autopsy can be useful to monitor systemic inflammatory changes 15 and to corroborate with lung-specific inflammation data. Peripheral blood samples can be used for a complete blood count and to track inflammatory biomarkers such as acute phase proteins, 30 cytokines, 13 and markers of lung injury 31 and as emerging technologies. For instance, use of "liquid biopsies" (analysis of tumor cell by-products from peripheral blood) is an emerging molecular approach in cancer research, 49, 101 and this technology is being studied to identify tissue-specific (eg, lung) inflammatory diseases.
Cytology
Cytologic evaluation of immune cell infiltration into lung airspaces can provide valuable information (Table 1) . A common means to sample airway lumen immune cells is by collection of BAL to obtain BAL fluid. 48, 84 Similar sampling techniques (brush samples, tracheal washes, etc) are used less commonly in immunologic research, so BAL is the focus of the discussion. BAL samples can provide valuable real-time and longitudinal information about inflammatory changes within the lower airways. Cytologic evaluation of these airway immune cells can be useful in studying a variety of conditions including infectious (eg, viral, 80 bacterial, 57, 104 fungal, 69 parasitic 70 ), immune-mediated, 114 genetic, 7 and cytotoxic 67 lung diseases. Total cell counts can easily be determined with an automated instrument or hemocytometer. 33 When using BAL fluid to compare cell counts, it is useful to normalize the results (eg, urea or albumen) to account for possible sample dilution. The type and extent of leukocyte infiltration into airways can be further evaluated through a differential cell count. Counting a larger number of cells can increase reproducibility, 47 and some have suggested a differential count of 200 cells as a baseline for more meaningful assessment in clinical samples, 38 but this may be a challenging threshold to consistently reach in some models. Leukocytes can be typically differentiated (ie, expressed as a percentage of total cells) into neutrophils, alveolar macrophages, lymphocytes, and eosinophils. Changes in these differential counts (eg, increased neutrophils) can be used for time course studies as well as for comparing treatment versus control animals.
Leukocyte morphology in cytology can offer insights into the inflammatory environment of airways. For example, alveolar macrophages are often the predominant cell type in normal lung 38 but may become activated (ie, increased size, foamy cytoplasm) under pathologic conditions. 116 The presence and extent of phagocytosed material (eg, debris, pathogens) in phagocytes may be diagnostic or relevant to the disease model. 28 Special stains can be performed on BAL cytology samples to identify materials or further differentiate pathogens not readily visible on histopathologic specimens. 98 
Flow Cytometry
Flow cytometry is a technique that can quantify, classify and sort cellular suspensions using labeled antibodies against specific cellular markers. 34 Immune cells, because they are easily placed in suspension, are often targeted in these flow cytometric studies. Simply stated, analysis occurs as individual, fluorescently labeled cells are hit with a laser beam, and the resulting light and fluorescence are used to classify the cells. These cells can be labeled with multiple markers to subclassify cell types, demonstrate cell activation, and identify stages of cell cycle or cell death. 32, 39 Flow cytometric studies often use live cells collected from the BAL or as lung tissue homogenates 59 ; however, other sources, such as pleural fluid and sputum or mucus, have been reported. 60, 108 Flow cytometry can also be useful to detect cell markers that have been difficult to detect in fixed tissues, such as CD4 and CD8 T-cell markers in mice. 39, 73 The data from flow cytometry are limited in that it does not spatially or anatomically localize leukocytes within the lung and is constrained to evaluate structurally intact cells (ie, necrotic cells are less easily detected).
Macroscopic Evaluation
Macroscopic evaluation at autopsy is one of the initial aspects of a thorough pathologic examination of the lung and can quickly guide investigators in the distribution, severity, and quality of lung lesions. 21, 74, 96 During initial autopsy in large laboratory animals, it is important to listen for the "in-rush" of air into the thoracic cavity when it is punctured; absence of this could suggest pneumothorax. This is difficult to evaluate in small rodents. Once the trachea and lungs have been removed, macroscopic assessment may be performed. Of note, there are anatomic variations in the number of lung lobes among different species. For example, the left lung may be a single lobe (mice) or divided into two (dog, pig, man, cow, rabbit) or three lobes/parts (sheep, cat). Likewise, the right lung has variations in lobes/part between species, underscoring the importance of familiarity with normal anatomy for the species in question.
Gross examination includes documentation of any lesions, including description of the specific lobe(s) affected, estimated percentage of parenchyma involved, distribution (focal, multifocal, diffuse), and pattern (random or centered on airways and/ or vasculature). This information alone may be suggestive of a diagnosis. For example, in many domestic animals, cranioventral lesions may suggest bronchopneumonia, whereas diffuse or caudodorsal lesions are more suggestive of viral interstitial pneumonia, and random foci could indicate a hematogenous embolic shower. In addition to inflammation, other lesions that predispose to or accompany inflammation can be observed, such as hemorrhage, necrosis, atelectasis, air trapping, and mucoid airway obstruction, to name a few. 96 The color of the lungs at autopsy may suggest an underlying disease process; however, artifacts and postmortem changes should be considered. 88 For example, although multifocal discrete areas of dark red discoloration suggest pulmonary hemorrhage, rabbits euthanized with barbiturates often exhibit petechiae on the pleural surface of the lungs, a finding that disappears during processing for histology. 68 Identification of rib impressions on the pleural surface or the failure of the lung parenchyma to collapse may also indicate an underlying lesion. Gentle palpation of lung lobes may aid in identification of unexpected texture (eg, firmness) that could implicate edema, inflammation, or mineralization, but factors such as age and postmortem interval can mimic these findings. 21 In domestic species, the airways (trachea to small airways) are evaluated for lumen content (such as mucus, pus, or blood), and lumina of pulmonary arteries can be examined for emboli. In laboratory animals (eg, mice) with small lungs that can fit in toto onto a glass slide, examination of these anatomic compartments is sometimes reserved for histopathology.
Lung lobes can be serially cross-sectioned, preferably with a sharp knife to avoid crushing the tissue and introducing microscopic artifacts. 21 Samples should be taken in a way that can ensure reproducible and consistent collection; however, the specifics will need to be adjusted to the particular experimental needs of the project. In general, samples should include random sections of each lung lobe, including a major bronchus, as well as sections of all lesions. Alternatively, systematic sampling protocols for research studies can be used. 66 Imaging techniques can facilitate localization of lung lesions at autopsy for effective prosection and verification of data. 44 For large lesions, particularly those suspected to have a prominent necrotic component, including adjacent normal tissue is recommended for optimal interpretation by the pathologist. As lung samples are placed in fixative, they should be assessed for floatation, as a failure to float may indicate consolidation from inflammatory infiltrate or other disease. 21 Inflation of the lung lobes prior to immersion fixation can be useful in laboratory animals. 16, 40, 74 Advantages of this procedure include ease of application, homogenous tissue preservation, and good replication of in vivo conditions. Fixation of the lung may be done either by whole-body perfusion or inflation directly via the trachea. Prior to perfusion, a major vessel (eg, abdominal aorta) is often transected to provide a site for the blood to exit the vasculature. Fixative (typically 4% paraformaldehyde or 10% neutral buffered formalin) is then injected into the right ventricle of the heart, clearing and replacing the blood. During this procedure, the lungs will turn pale tan to off-white and partially inflate, to indicate successful perfusion. This approach is often preferred over airway instillation of fixative because it does not disturb the localization and appearance of inflammatory cells and exudates in airspaces.
Intratracheal lung lobe inflation (in the absence of wholebody perfusion) can be performed while the respiratory tract is still in the thoracic cavity or can be done upon en bloc removal of the tongue, esophagus, trachea, heart, and lungs. With either approach, a 1-or 3-mL syringe with a 23-to 26-gauge needle is inserted into the mouse trachea, and forceps are used to hold the needle in place within the tracheal lumen and occlude the proximal tracheal lumen to prevent backflow of fixative toward the nasal cavity. Fixative is then slowly infused until the lungs expand to a degree that approximates physiologic conditions of peak inspiration, which generally requires approximately 1 to 1.5 mL of fixative. In cases in which the trachea has been damaged during removal and this technique is not possible, individual lung lobes can be inflated by inserting the needle into the parenchyma and infusing fixative; however, this is not ideal, as it can introduce significant artifactual damage to the pulmonary tissue. Once the lungs are inflated, they should be immersed in fixative. As a reminder, lung weight and/or collection of pulmonary tissue for freezing, molecular assays, or other methods of analysis should be planned ahead of time and performed prior to fixative infusion or perfusion.
Histopathology
Histopathologic evaluation of tissues remains a gold standard to evaluate lung inflammation, especially in preclinical investigations (Table 1) . 76, 92, 105 All anatomic compartments, including alveolar spaces, alveolar septa, airways, vasculature, and pleura, should be examined systematically. By histopathology, a skilled eye (ideally a pathologist familiar with the model) can not only define the types of inflammatory processes but also corroborate these findings to phenotype, clinical signs, and cause of death and/or help explain data from other analyses. 2, 61, 102, 110 For example, the pattern of inflammation (eg, perivascular, bronchopneumonia) can be useful help identify localization of inflammation or illuminate mechanisms of leukocyte recruitment. Techniques that use immunologic (eg, immunohistochemistry and immunofluorescence) and hybridization (eg, in situ hybridization) approaches are commonly used to identify cellular expression and markers (eg, cytokines, cell markers, etc) 17, 63, 64 and localize inflammation in tissues. 87 Histopathology is not without limitations. Accurate description of lesions depends on the proper collection and processing of pulmonary tissue. Histopathologic analysis of tissues is limited by the tissues selected at collection. So on one hand, a biased prosector who is not masked to groups, could subconsciously select the more severe lesions in one group and tissue lacking lesions in another group. 41 Alternatively, the presence or absence of histologic lesions is only based on the regions of lung tissue examined. Although this may seem obvious to many, it can become relevant in the research setting when investigators using a large animal model collect a few small pieces of lung and expect a thorough evaluation of lesions.
Significant interpretation of lung histology can be best obtained if structural alterations and artifacts are minimized. 16, 68, 74 Pressure exerted on delicate lung tissue by forceps at autopsy may lead to a crushing artifact that does not resolve during processing. During tissue handling and fixation, collapse, deflation, and disruption of lung structures can create artifacts that will need to be segregated from real lesions. Underinflation mimics antemortem atelectasis. The collapse of interstitial and alveolar tissue also impairs the ability to evaluate alveoli, as the septa may appear thickened and hypercellular, potentially leading to misdiagnosis of interstitial pneumonia. Alternatively, overinflation can mimic air trapping or damage the delicate alveolar septa, resulting in emphysematous bullae. These artifacts have been well recognized and defined and can appropriately be taken into account when analyzing the relations between structure and function of the lung. Stereologic approaches can be used to potentially overcome differences in lung insufflation and to help detect subtle changes between groups. 58 When examining the lungs, it is important to keep in mind interspecies anatomic differences, which are particularly important when attempting to extrapolate results obtained in research animals to a human disease or condition. These anatomic variations can influence lung function and the subsequent reaction to injury. 56 For example, the pleural thickness can vary from thin (rodents, rabbit, dog, cat, macaque) to thick (human, cow, sheep, pig, horse), and animals with thick pleura also tend to have more connective tissue within the interlobular septa. Often, this dense interlobular connective tissue is associated with reduced collateral ventilation between adjacent lung lobules. Typically, structurally thick pleurae are supplied by branches of the bronchial artery, while structurally thinner pleura are supplied by the pulmonary artery. The airways also exhibit species-specific variations. Most animals have monopodial (asymmetric) branching of airways that is different in appearance to humans with dichotomous (minimally asymmetric) branching. A unique feature of the mouse is that although the trachea bifurcates into 2 extrapulmonary cartilaginous bronchi, the airways within the lung lack cartilage and are thus exclusively bronchioles. 100 There are also differences in the structures distal to the last nonrespiratory or terminal bronchiole. The terminal bronchiole is often followed by several generations of respiratory bronchioles in humans, macaques, dogs, and cats. Mice, rats, rabbits, cows, and pigs have few or no respiratory bronchioles, so terminal bronchioles often transition directly into alveolar ducts. 68, 100, 103 Finally, the pulmonary vasculature may also exhibit variations. For example, the pulmonary veins of rodents contain both cardiac and smooth muscle within their walls, whereas cardiac muscle is not typically observed in the intrapulmonary vasculature of humans. More extensive detail on the subgross and histologic anatomic species differences is provided by Tyler. 103 Finally, artifactual lesions secondary to euthanasia and tissue collection may be noted during microscopic examination in a variety of species. For example, euthanasia of laboratory rodents using carbon dioxide intoxication can produce focal areas of alveolar hemorrhage. 68 High-pressure perfusion of the lungs can lead to an artifactual change that resembles true perivascular edema and occasionally, in dogs, dilated pleural lymphatics. Nonhuman primates, dogs, and rats have also been noted to have pulmonary emboli composed of hair shafts or keratin fragments due to inadvertent injection of hair or skin fragments during intravascular injections of test substances. Background or incidental findings are common confounding variables in histologic analysis, particularly in research protocols using aged animals, which underscores the need for appropriate control animals for comparison and expertise on the research team. Although many of these incidental findings are easily identifiable, others are more subtle. Particularly problematic to most investigators are those involving leukocytic infiltrates, which may confuse and/or complicate the assessment of the inflammatory lung disease being investigated. Examples include small foci of subpleural or perivascular or peribronchiolar mononuclear cell infiltrates (mouse, rat, rabbit), perivascular eosinophils (rat), alveolar histocytosis, or eosinophilic crystalline pneumonia. 68 Furthermore, alveolar macrophage aggregates similar to alveolar histocytosis or eosinophilic crystalline pneumonia have been reported in the literature as neoplasia, 52 often without any substantive consideration of alternative explanations.
Semiquantitative and Quantitative Scoring
Although histopathologic data are often descriptive and qualitative in nature, there is a growing desire to obtain more rigorous results by decreasing observer bias and allowing the increased use of quantitative comparisons between samples. 41, [91] [92] [93] Lesions can be numerically scored using quantitative and semiquantitative approaches to allow statistical analysis. Simply, these approaches assign numeric grades (semiquantitative) or measured values (quantitative) to the observed lesions to further clarify the distribution and severity of inflammation. Regardless of approach, it is important to ensure that a consistent protocol of sample preparation (including both tissue handling and tissue staining steps) has been followed prior to analysis, to ensure that morphology has been maintained and is fully representative. An important consideration is the principle of "masking" (ie, "blinding"). This approach prevents the scorer from having knowledge of group assignments during scoring to limit unintentional bias that may skew data interpretation. Different types of masking can be applied to investigational studies, 41 though it is important for the observer to have sufficient information regarding the study to reproducibly and accurately score the tissues.
Semiquantitative scoring systems are widely used as methods to score stained tissues and can serve as an initial approach to statistical evaluation of treatment groups. The observer assigns a score (or "grade") to tissue changes, to allow subsequent statistical analysis. Because several types of semiquantitative systems are available, selection should match the study design and questions to be addressed. Common approaches include binary (affected or unaffected), rank (ordering), and ordinal scoring systems, and these have been reviewed. 41, 93 Semiquantitative scoring is relatively easy to do, can be quickly performed during initial examination, and is cost effective. However, these systems are based on visual assessment and thus can be susceptible to some level of bias and interobserver variability.
In contrast to semiquantitative data, quantitative data are discrete numbers that come from measurements of tissues (eg, length, areas, volume, number, percentage). These measurements can be made while at the microscope, using digital images with specialized software, or through stereology. 3, 10, 20 The lung is dynamic in size and structure, thus comparison of groups of tissue should ideally have similar insufflation for comparison. Quantitative scoring may be done manually at the microscope or increasingly through the use of specialized software to analyze digital images. Quantitative approaches can reduce bias and produce more robust data than semiquantitative approaches. These values may then be used to corroborate the morphologic findings (eg, inflammation) and enhance the rigor of the data. For digital quantitative analysis, a whole-slide imaging system is used to convert the glass slide into a high-resolution, high-contrast image. This image is analyzed using either commercially or freely available software to provide quantitative information. 107 Software typically separates the image using defined thresholds into regions with similar characteristics (such as color, intensity, or texture) or to calculate various numerical parameters. 36 Stereology is another type of quantitative analysis and allows measurements made on 2-dimensional images to accurately represent 3-dimensional structure, provided that the sampling is appropriately done (eg, stratified random sampling to ensure unbiased collection). Stereologic approaches, specifically for the pathologist in a research setting, have recently been reviewed. 20 
Molecular Studies
Inflammatory changes in the lung can be evaluated through molecular analyses, which can be an important tool to understand pathogenesis as well as identify inflammatory pathways, markers, or targets for therapies. 14, 112 Generally speaking, molecular studies investigate changes in the amount, function, or quality of immune system components including proteins, deoxyribonucleic acid, ribonucleic acid, reactive oxygen species, pH, and so on. Discussion of the wide breadth of molecular techniques used to assess inflammation is beyond the scope of this review. More important for this discussion, most of these molecular techniques have common targets (eg, extent and/or quality of nucleotide or protein expression) with overlapping limitations and applications in lung research. Therefore, we will focus our general discussions about "molecular" techniques on these latter factors, which greatly influence research. Critical considerations when collecting lung tissues for molecular techniques to study inflammation include tissue sampling and handling.
Molecular analyses, although able to define processes at the subcellular level, rely heavily on the quality of tissue sampling for its interpretation. For example, molecular studies can offer detailed analyses of inflammatory signaling processes in lung tissue; however, it is important to remember that these interpretations often originate from a small piece of tissue collected at harvest. Thus, sampling size and quality can significantly bias data, especially in diseases in which multifocal distribution is expected. For another example, lesions in the murine lung following intranasal instillation of a pathogen are often multifocal and not bilaterally symmetric. Sometimes at tissue harvest, the right and left lungs are analyzed using different techniques (eg, right lung for pathology, left lung for western bot). These 2 assessments can have different outcomes because of asymmetric distribution of the lesions. In projects such as these, whole lungs from additional animals may be required for each technique to improve the data correlation. Samples from BAL, peripheral blood, and pulmonary lymph nodes can also be sampled for molecular analyses to further clarify the disease process. 59, 111 Molecular techniques often have optimized tissue-handling recommendations that maximize chances for successful results. 22 Guidelines for handling tissues can be quite varied across techniques, and this can be made more complex when dividing small amounts of tissue (eg, murine lungs). Sample collection should be prioritized so that those assays most critical for the study (or most biologically sensitive) are collected first. This way, if there are insufficient tissues or excessive time during the collection, those techniques with less importance to the study are the only ones affected. Planning and coordination of the tissue harvest are important. 81, 95 Generally speaking, pathologists (or prosectors) have at least 3 major options for fresh tissues they collect: maintain freshness (eg, for flow cytometry), freeze (eg, for protein, messenger ribonucleic acid, deoxyribonucleic acid) or place in preservative fixative (eg, fixative for histopathology). 95 Each option produces distinct substrates for subsequent molecular analyses that may be preferential for or exclude some techniques. For example, collecting cells from BAL and freezing them may work well for ribonucleic acid analysis, 85 but it is not feasible for flow cytometric studies. Thoughtful consideration at the experimental design stage is needed.
Increasing Scientific Rigor
Recently, scientific reproducibility has emerged as a key element for improving the quality of scientific studies and data. 2, 8, 23 How do we develop this level of scientific rigor? Casadevall and Fang 24 suggested 5 fundamental elements for scientific rigor: redundancy in experimental design, sound statistical design, recognition of error, avoidance of logical traps, and intellectual honesty.
Relevant to this review is the first point: redundancy in experimental design. For example, evaluation of lung inflammation from a solitary technique (eg, reverse transcriptionquantitative polymerase chain reaction) may produce interesting results. However, before making interpretations that might lead to faulty conclusions, additional studies using more replicates and/or complementary techniques (eg, protein quantification) can help validate the results. Redundancy in experimental design can solidify data to make the interpretations more robust and reproducible.
Experimental redundancy through use of multiple techniques 112 can add additional layers of validation that to enhance the rigor (and repeatability) of the data. As an example, use of western blot to detect myeloperoxidase from whole-lung homogenates has been used as a means of assessing neutrophilic lung infiltration. However, when used as a solitary technique, there is a lack of clarity regarding lesion distribution and cellular infiltration into the compartments of the lung. Also, there is lack of refinement about the cellular "source," because other myeloid cells, such as macrophages, also produce myeloperoxidase. 86 Inclusion of multiple techniques such as antemortem imaging, histopathologic evaluation, BAL (cytology or cytokine analysis), and other techniques can help clarify and further define the pathogenesis of the disease process. 35, 57, 96 An awareness of available techniques for study of the immune system facilitates decision making and subsequent quality in lung investigations. Investigators can select appropriate techniques to address their study goals and apply simple redundancies in experimental design for enhanced rigor. This "stratification" of techniques can broaden the scope of the study, reduce the impact of inherent limitations for each technique, and increase the scientific rigor for conclusions of the study.
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